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(57) ABSTRACT

In accordance with an example embodiment, a fluid con-
nector may include an inner face, outer face, annular groove
extending below the iner face and the outer face, and
annular seal 1nstalled 1n the groove. The groove may include
an 1nner wall, bottom wall, outer wall, and lip. The annular
seal, 1n an undeformed state, may include a first convex
surface, a second concave surface, a third convex surface,
and a fourth concave surface. The second surface may be
positioned radially inward of the first surface and radially
outward of the third surface. The third surface may be
between the second surface and a fourth surface, radially
inward of the first surface. The fourth surface may be
positioned radially outward of the third surface and radially
inward of the first surface.
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FLUID CONNECTOR WITH ANNULAR
GROOVE AND SEAL

TECHNICAL FIELD

The present disclosure generally relates to a seal. An
embodiment of the present disclosure relates to a fluid
connector with an annular groove and an annular seal.

BACKGROUND

Fluid systems, such as hydraulic or pneumatic systems,
may include connectors between components, such as hoses,
pipes, manifolds, valves, pumps, reservoirs, and accumula-
tors. These fluid connectors may utilize an annular seal to
prevent leakage or contamination at the fluid connector. As
an example, a fluid connector may utilize a face seal
connection where an annular seal 1s held 1n compression
between two surfaces, one on each of the interconnecting
components, to form a seal.

Certain face seal connections may utilize an o-ring seal,
an annular seal with a circular cross-section, installed 1n a
groove on one of the two surfaces to be sealed. Installing the
o-ring 1n a groove may provide for the proper positioning of
the o-ring during the compression of the face seal connec-
tion, and may also help to retain the o-ring seal with one of
the interconnecting components when the face seal connec-
tion 1s disconnected (unfastened) and not under compres-
sion. However, this arrangement of o-ring and groove may
result 1n the seal being too loose or tight 1n the groove, which
can result 1n the o-ring falling out of the groove and being
lost or misplaced, the face seal connection leaking, or the
o-ring being damaged upon compression.

SUMMARY

Various aspects of examples of the present disclosure are
set out 1n the claims.

According to an aspect of the present disclosure, a fluid
connector may 1include an inner face, an outer face, an
annular groove, and an annular elastomeric seal. The annular
groove may be positioned radially outward of the inner face
and radially inward of the outer face. The groove may extend
below the mner face and the outer face. The groove may
include an inner wall between the 1nner face and a bottom
wall, the bottom wall may be between the inner wall and an
outer wall, and the outer wall may be between the bottom
wall and a lip with the outer wall substantially parallel to the
inner wall, and the lip may be between the outer wall and the
outer face and protruding radially imnward beyond at least a
portion of the outer wall. The annular elastomeric seal may
be installed 1n the groove and, in an undeformed state,
include a first surface, a second surface, a third surface, and
a fourth surface. The first surface may be convex. The
second surface may be concave. The second surface may be
between the first surface and a third surface. The second
surface may be positioned radially inward of the first surface
and radially outward of the third surface. The third surface
may be convex. The third surface may be between the
second surface and a fourth surface. Third surface may be
positioned radially mnward of the first surface. The fourth
surface may be concave. The fourth surface may be between
the third surface and the first surface. The fourth surface may
be positioned radially outward of the third surface and
radially inward of the first surface.
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According to another aspect of the present disclosure, the
groove may conform to the dimensional requirements of a

standard half-dovetail groove in SAE J14353-1.

According to another aspect of the present disclosure,
when the seal 1s 1n an undeformed state, the first surface may
be the radially outermost portion of the seal and define an
outer diameter of the seal and the third surface may be the
radially innermost portion of the seal and define an inner
diameter of the seal.

According to another aspect of the present disclosure, a
cross-section of the undeformed seal may be substantially
symmetric about an axis bisecting the first surface and the
third surface.

According to another aspect of the present disclosure, for
a cross-section of the undeformed seal, an average radius of
cach of the second surface and the fourth surface may be
between 80% and 120% of an average radius of the first
surface and an average radius of the third surface may be
greater than 120% of the average radius of the first surface.

According to another aspect of the present disclosure, for
a cross-section of the undetormed seal, a radius of each of
the second surface and the fourth surface may be between
80% and 120% of a radius of the first surface, and a radius
of the third surface may be at least double the radius of the
first surface.

According to another aspect of the present disclosure, for
a cross-section of the undeformed seal, the first surface, the
second surface, and the fourth surface may each be circular
arcs having a first radius.

According to another aspect of the present disclosure, the
third surface may include a first portion, a second portion,
and a third portion. The first portion may be convex and
between the second surface and a second portion. The
second portion may be convex and between the first portion
and a third portion. The third portion may be convex and
between the second portion and the fourth surface. For a
cross-section of the seal, a radius of the first portion may
equal a radius of the third portion, and a radius of the second
portion may be greater than the radius of the first portion.

According to another aspect of the present disclosure, the
outer diameter of the seal may be greater than an inner
diameter of the lip.

According to another aspect of the present disclosure,
contact between the seal and the lip may deform the first
surtace downward relative to the axis when the seal 1s
installed 1n the groove.

According to another aspect of the present disclosure, the
lip may retain the seal in the groove when the seal 1s installed
in the groove.

According to another aspect of the present disclosure, the
outer diameter of the seal may be substantially the same as
a diameter of the outer wall.

According to another aspect of the present disclosure, the
inner diameter of the seal may be greater than a diameter of
the 1nner wall.

According to another aspect of the present disclosure, no
portion of the seal may make contact with the mner wall
when the seal 1s installed 1n the groove.

According to another aspect of the present disclosure, the
fluid connector may be included 1n a fluid joint which also
comprises a mating fluid connector. The mating fluid con-
nector may include an opposing face facing at least one of
the inner face and the outer face when the fluid joint 1s 1n a
fastened position. The seal may be compressed between the
bottom wall and the opposing face when the fluid joint 1s 1n
the fastened position.
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According to another aspect of the present disclosure, a
fluid joint may include a first fluid connector and a second
fluid connector. The first fluid connector may include a first
face, an annular groove, and an annular elastomeric seal.
The annular groove may be defined by an inner wall
perpendicular to the first face, a bottom wall parallel to and
below the first face, an outer wall parallel to and radially
outward of the inner wall, and a lip positioned at the top of
the outer wall and projecting radially inward from the outer
wall. The annular elastomeric seal may include, in an
undeformed state, an inner convex surface forming the
radially innermost portion of the seal, an outer convex
surface forming the radially outermost portion of the seal, a
first concave surface interconnecting the mnner convex sur-
face and the outer convex surface and positioned on a first
side of the seal, and a second concave surface interconnect-
ing the mner convex surface and the outer convex surface
and positioned on a second side of the seal opposite the first
side. The seal may be symmetrical about a plane bisecting
the 1nner convex surface and the outer convex surface and
defining the first side and the second side of the seal. The
second fluid connector may include a second face. The seal
may be 1nstalled 1n the groove with the lip retaiming the outer
convex surface in the groove. The seal may be compressed
by contact between 1ts first side and the bottom wall and
contact between 1ts second side and the second face when
the fluid joint 1s 1 a fastened position. The first flud
connector may be fastened to the second fluid connector via
threads when the fluid joint 1s 1n the fastened position.

According to another aspect of the present disclosure, a
cross-section of the outer convex surface may form a
circular arc with a first radius, a cross-section of the first
concave surface may form a circular arc with a second
radius, and a cross-section of the second concave surface
may form a circular arc with a third radius. The second
radius and third radius may each be between 80% and 120%
of the first radius.

According to another aspect of the present disclosure, a
method of fastening a fluid joint may include positioning a
first face of a first flmd connector opposite a second face of
a second fluid connector, moving the first face and the
second face toward each other until a threaded surface on
first fluid connector can engage a threaded surface on the
second tluid connector, fastening the threaded surface on the
first fluid connector to the threaded surface on the second
fluid connector at least until the second face makes contact
with a seal, the seal installed 1n a groove of the first fluid
connector, the groove defined by an inner wall extending
between the first face and a bottom wall parallel with the first
face, an outer wall substantially parallel with the inner wall
and extending from the bottom wall to a lip, and a lip
positioned at the opposite end of the outer wall as the bottom
wall, and continuing to fasten the threaded surface until the
seal 1s compressed between the second face and the bottom
wall, the seal comprising, 1n an undeformed state, an outer
convex surface defining an outer diameter of the seal greater
than an inner diameter of the lip, an mner convex surface
defining an inner diameter of the seal, a first concave surface
between the inner convex surface and the outer convex
surface on a first side of the seal, and a second concave
surface between the inner convex surface and the outer
convex surface on a second side of the seal opposite the first
side.

According to another aspect of the present disclosure, the
seal may be installed 1in the groove by placing the unde-
tformed seal above the groove and exerting a downward
force on the seal to deform the seal and move 1t downward
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until the outer convex surface 1s below the lip and deformed
by the lip so as to retain the seal 1n the groove.

According to another aspect of the present disclosure, the
seal may be installed by exerting a downward force on the
seal until the entirety of the outer convex surface 1s below
the lip.

The above and other features will become apparent from
the following description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description of the drawings refers to the
accompanying figures 1 which:

FIG. 1 1s a partial cutaway view of a fluid joint, including
a first fluid connector with a groove and a seal installed 1n
the groove, and a second fluid connector fastened to the first
fluid connector;

FIG. 2 1s a cutaway view of the groove of the first fluid
connector;

FIG. 3 1s a perspective view of the seal, with the seal 1n
an undeformed state;

FIG. 4 1s a top view of the undeformed seal;

FIG. 5 1s a side view of the undeformed seal;

FIG. 6 1s a cross-sectional view of the undeformed seal,
taken along line 6-6 of FIG. 4;

FIG. 7 1s a cross-sectional view of the seal installed 1n the
groove, the seal deformed 1nto an installed state; and

FIG. 8 15 a cross-sectional view of the seal installed in the
groove with the second fluid connector fastened to the first
fluid connector, the seal deformed 1nto a compressed state.

Like reference numerals are used to indicate like elements
throughout the several figures.

DETAILED DESCRIPTION

FIG. 1 1illustrates a flmd joint 10, which includes a first
fluid connector 12 fastened to a second fluid connector 14 so
as to create a fluid seal that may allow fluid to flow through
the tluid joint 10 without leaking. The first connector 12 1s
a fitting joined to an end of a tube 26, the tube 26 having an
inner bore 30 configured to transport a tluid such as hydrau-
lic flmid, o1l, water, or air. The first connector 12 1s 1llustrated
as an angled connector which includes an elbow portion 22
which turns fluid flowing 1n a first direction within inner
bore 30 approximately minety degrees to flow 1n the direc-
tion of an axis 42. The second connector 14 1s a fitting joined
to an end of a rigid tube 16, the tube 16 having an inner bore
32 configured to transport fluid. The second connector 14 1s
illustrated as a straight connector and includes a sleeve 24
and a fastener, nut 18. The first connector 12 may also be
referred to as a male connector while the second connector
14 may also be referred to as a female connector.

A seal 20 provides a fluid face seal between a mating end
36 of the first connector 12 and a mating end 34 of the
second connector 14. The first connector 12 may be joined
to the second connector 14 via interlocking threads located
on an outer surface ol the mating end 36 of the first
connector 12 and an inner surface of the nut 18 of the second
connector 14. These interlocking threads draw the second
connector 14 toward the first connector 12 approximately
along the axis 42 as the nut 18 1s turned, or rotated relative
to the mating end 36 of the first connector 12, allowing the
second connector 14 to be secured or fastened to the first
connector 12. The first connector 12 may alternatively
engage the second connector 14 via other means, such as an
alternate threaded fastening, clamping, or locking arrange-
ment. When the second connector 14 1s fastened to the first
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connector 12, a position at which the fluid joint 10 may be
referred to as joined, fastened, or closed, the seal 20 1s
compressed and provides an annular seal surrounding the
inner bore 30 and the 1nner bore 32. Other configurations of
fluid joint 10 may also be provided.

The fluid joint 10 1s configured to provide a sealed fluid
connection, for example for a hydraulic or pneumatic fluid
system. As illustrated, an interior portion or inner bore 30
extending through tube 26 1s 1n fluid communication with an
interior portion or inner bore 32 of tube 16. The seal 20
cooperates with the second connector 14 to provide an
annular tluid seal surrounding these mner bores. Fluid joint
10 may be used in a fluid system for construction or
agricultural equipment, such as a hydraulic system of an
articulated dump truck, backhoe loader, compact track
loader, crawler (e.g., crawler dozer, crawler loader), exca-
vator, feller buncher, forwarder, harvester, knuckleboom
loader, motor grader, scraper, skidder, sprayer, skid steer,
tractor, tractor loader, and wheel loader. Fluid joint 10 may
also be used 1n hydraulic systems for other vehicles, mndus-
trial equipment, or other suitable applications.

FIG. 2 1llustrates a cross-section view of a portion of the
first connector 12, specifically a portion containing an annu-
lar groove 50 at a mating end 36 of the first connector 12.
The direction toward the axis 42 may be referred to as a
radially inward direction 51a, the direction away from the
axis 42 may be referred to as a radially outward direction
51b, the direction toward the mating second connector 14
may be referred to as an upward direction 51¢ (or above or
top), and the direction away from the mating connector 14
and towards elbow portion 22 may be referred to as a
downward direction 514 (or below or bottom).

The groove 350 1s annularly positioned between an inner
face 47 and an outer face 48, and extends below both faces.
The groove 50 1s defined by a mouth or opening 64, an inner
wall 52, a bottom wall 54, an outer wall 56, and a lip 38. The
inner wall 1s between the inner face 47 and the bottom wall
54. The bottom wall 54 1s between the inner wall 52 and the
outer wall 56. The outer wall 56 1s between the bottom wall
54 and the lip 58. The lip 58 1s between the outer wall 56 and
the outer face 48, and projects radially inward relative to the
outer wall 56. The lip 38 1s positioned at an opposite end of
the outer wall 56 as the bottom wall 54. The bottom wall 54
1s configured to provide a seat for the seal 20 and a surface
against which the seal 20 may be compressed to provide a
fluad seal.

In the illustrated embodiment, each of the inner wall 52,
bottom wall 54, and outer wall 56 1s substantially flat and the
three walls are interconnected by fillets. The bottom wall 54
1s substantially parallel to the mner face 47 and the outer
tace 48 of the first connector 12, and substantially perpen-
dicular to the axis 42. The inner wall 52 and the outer wall
56 are each substantially parallel to each other and the axis
42, and substantially perpendicular to the bottom wall 54,
the 1nner face 47, and the outer face 48. In this context,
substantially flat, parallel, and perpendicular are intended to
convey flatness, parallelism, and perpendicularity within
typical manufacturing tolerances for fluid connectors. In
specific applications, this may be a flatness tolerance of 0.1
millimeters and parallelism or perpendicularity within 2.5
degrees. In alternate embodiments, the inner wall 52 and the
outer wall 56 may be at an angle with respect to the bottom
wall 54, or 1n yet other alternate embodiments they may also
be at an angle with respect to each other such as 1n a groove
complying with ISO 8434-3. In the embodiment shown 1n
FIG. 2, the groove 50 may be designed so as to comply with
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the dimensional requirements of the halt-dovetail standard
groove SAE J1453-1 as of the time that this patent appli-
cation was filed.

FIG. 3, FIG. 4, and FIG. 5 1llustrate the seal 20 in greater
detail. The seal 20 1s annular in shape, and may also be
referred to as a toroid, with an inner diameter 66 and an outer
diameter 68. The seal 20 may be a continuous piece of an
elastomeric material suitable for use as a fluid seal, such as
butyl, ethylene-propylene, fluorocarbon, {fluorosilicone,
natural rubber, nitrile, perfluoroelastomer, polyethylene, sili-
cone, and styrene-butadiene to name but a few choices. As
an clastomeric material, the seal 20 may be deformed to a
degree without damaging 1t. These three figures 1llustrate the
seal 20 1s an undeformed state, or the state the seal 20 may
take on when 1t 1s not subject to an external force, and the
accompanying description 1s that of the seal 20 1s an
undeformed state.

The seal 20 1s comprised of a first surface 70, a second
surface 72, a third surface 74, and a fourth surface 76. The
first surface 70, which may also be referred to as an outer
surface, 1s a convex suriace that 1s the radially outermost
surface of the seal 20. As the radially outermost surface of
the seal 20, the first surface 70 defines the outer diameter 68
of the seal 20. Adjacent to the first surface 70 1s the concave
second surface 72, which may also be referred to as an upper
surface. Adjacent to the second surface 72 1s the third
surface 74, which may also be referred to as an 1nner surtace,
a convex surface that 1s the radially innermost surface of the
seal 20. As the radially innermost surface of the seal 20, the
third surface 74 defines the inner diameter 66 of the seal 20.
Adjacent to the third surface 74 1s the concave fourth surface
76, which may also be referred to as a lower surface.
Adjacent to the fourth surface 76 1s the first surface 70. In
this embodiment, the first surface 70 extends between the
fourth surtace 76 and the second surface 72, the second
surface 72 extends between the first surface 70 and the third
surface 74, the third surface 74 extends between the second
surface 72 and the fourth surface 76, and the fourth surface
extends between the third surtface 74 and the first surface 70.

FIG. 6 1llustrates a cross-section of the seal 20, taken
along the line 6-6 of FIG. 4. In this embodiment, the third
surface 74 1s comprised of a convex first portion 74a, a
convex second portion 745, and a convex third portion 74c,
with the second portion 745 having a greater radius than
cither the first portion 74a or the third portion 74¢. In this
embodiment, the cross-section of the seal 20 1s substantially
symmetric about an axis 78 which bisects the first surtace 70
and the third surface 74. The axis 78 bisects the seal 20 mto
a first side 79a on the upper side of the seal 20, and a second
side 796 on the lower side of the seal 20. Due to its bilateral
symmetry, the first side 79a 1s a mirror image of the second
side 79b.

For the cross-section of the seal 20, the first surface 70,
the second surface 72, the fourth surtace 76, the first portion
74a, and the third portion 74¢ are each circular arcs of a first
radius, while the second portion 745 1s a circular arc of a
second radius which 1s at least twice the magnitude of the
first radius. In alternative embodiments, second portion 745
may be substantially flat instead of a circular arc. In this
context, circular arc refers to an arc of a substantially
constant radius, or a section of the circum{ference of a circle.
Although these surfaces and portions may be referred to
having a profile or cross-section of a circular arc, it 1s
understood that there may be transitory regions between the
surfaces which are not circular arcs.

In alternative embodiments, the radiuses of these surfaces
and portions may not be equal, but may instead vary within
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a range. For example, for the cross-section of the seal 20, the
radius of each of the second surface 72 and the fourth
surface 76 may be between 80% and 120% of the radius of
the first surface 70. The radius of the first portion 74a and the
radius of the third portion 74¢ may also fall within this same
range, while the radius of the second portion 745 may be at
least double the radius of the first surface 70.

In other alternative embodiments, the cross-section of the
seal 20 may not form surfaces and portions which are
circular arcs, but may instead form alternative curves such
as portions of a parabola, portions of an ellipse, or 1rregular
curves which may have a radius which varies. In such
alternative embodiments, the seal 20 may be configured so
that the average radius of each of the first surface 70, the
second surface 72, and the fourth surface 76 are equal. The
average radius of the first portion 74a and the third portion
74c may also be equal, while the average radius of the
second portion 74b may be at least double that of the first
surtace 70.

In other alternative embodiments, these radiuses and
surfaces may not be circular arcs and the average radiuses
may not be equal. In such alternative embodiments, the
average radius of the second surface 72 and the fourth
surface 76 may be between 80% and 120% of the average
radius of the first surface 70, and the average radius of the
first portion 74a and the third portion 74¢ may or may not
tall within this range. In other such alternative embodiments,
the average radius of these surfaces and portions may not fall
within this range, but a radius of the second surface 72 and
the fourth surface 76 may be between 80% and 120% of a
radius of the first surface 70. A radius of the first portion 74a
and a radius of the third portion 74¢ may also fall within this
range, while a radius of the second portion 74b may be at
least double a radius of the first surface 70.

FIG. 7 1llustrates the seal 20 installed within, or seated 1n,
the groove 50. To 1nstall the seal 20 1n the groove 50, the seal
20 may be placed above the groove 50 in an underformed
state. The seal 20 may then be forced downward to deform
the seal 20 such that the first surface 70 may pass by the lip
58. Once installed i the groove 50, the seal 20 remains
deformed by 1ts contact with the lip 58, which contacts the
first surface 70 and deforms 1t downward relative to the axis
78. The seal 20 may also deformed by its contact with the
outer wall 56, with which the first surface 70 may have an
interference fit. In this way, the lip 38 helps retain the seal
20 1n the groove 50 by blocking upward movement of the
first surface 70. In alternative embodiments, the seal 20 may
still be retaining 1n the groove 50 by the lip 58 but the seal
20 may be sized smaller such that it does not interfere with
the lip 58 or the outer wall 56 when 1nstalled 1n the groove
50, but such that i1ts outer diameter 1s still greater than the
inner diameter of the lip 58.

The seal 20 may be dimensioned such that the outer
diameter 68 1s substantially the same as the diameter of the
outer wall 56. In this context, 1t 1s suflicient i1f the outer
diameter 68 1s greater than the diameter of the most radially
inward portion of the lip 58, but not so much greater that
interference with the outer wall 56 makes 1t diflicult to force
the seal 20 into the groove 50. In the embodiment illustrated
in FIG. 7, the outer diameter 68 1s equal to the diameter of
the outer wall 56, so as to create a line-on-line interference
it when the seal 20 i1s installed within the groove 50. This
dimensioning of the seal 20 may have the technical effect of
helping to secure the seal 20 1n the groove 350, and keep 1t
in place even when 1t 1s not being compressed by another
fluid connector fastened to the first connector 12, such as
fluid connector 14. For example, this may keep the seal 20
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installed 1n the groove 50 when the second connector 14 1s
unfastened from the first connector 12, better enabling the
seal 20 to stay with the first connector 12 until a fluid seal
1s required again. Other seal designs may be more liable to
fall out of the groove 50 when the flmd joint 10 1s unfas-
tened, and may be lost and unavailable the next time the fluid
joint 10 1s fastened.

The seal 20 may also be dimensioned such that the
difference between the outer diameter 68 and the inner
diameter 66 1s less than the difference between the innermost
diameter of the lip 38 and the outermost diameter of the
inner wall 52. This dimensioning may allow for easier
installation of the seal 20 in the groove 30 by avoiding a
situation where the thickness of the seal 1s significantly
greater than the width of the mouth 64 of the groove 50.

FIG. 8 1llustrates a portion of the tluid joint 10, specifi-
cally the compression of the seal 20 between the bottom wall
54 of the first connector 12 and an opposing face 80 of the
second connector 14 to form a face-seal arrangement. The
opposing face 80 of the second connector 14 may be
positioned opposite the outer face 48 of the first connector
12. As the second connector 14 1s threaded onto the first
connector 12, the opposing face 80 of the second connector
14 1s brought into contact with the seal 20. The second
connector may continue to be tightened until the opposing
face 80 of the second connector 14 contacts the outer face of
the first connector 12. This tightening will deform the seal
20, compressing 1t between the opposing face 80 and the
bottom wall 34 so as to create a fluid seal preventing the fluid
in the inner bore 30 of the first connector 12 and the inner
bore 32 of the second connector 14 from traveling across the
seal 20 and out between the opposing face 80 of the second
connector 14 and the outer face 48 of the first connector 12.

While the present disclosure has been illustrated and
described 1n detail in the drawings and foregoing descrip-
tion, such illustration and description i1s not restrictive in
character, 1t being understood that illustrative embodiment
(s) have been shown and described and that all changes and
modifications that come within the spirit of the present
disclosure are desired to be protected. Alternative embodi-
ments of the present disclosure may not include all of the
features described yet still benefit from at least some of the
advantages of such features. Those of ordinary skill in the art
may devise their own implementations that incorporate one
or more of the features of the present disclosure and fall
within the spirit and scope of the appended claims.

What 1s claimed 1s:
1. A fluid connector comprising:
an inner face;
an outer face;
an annular groove positioned radially outward of the inner
face and radially inward of the outer face, the groove
extending below the mner face and the outer face, the
groove comprising:
an inner wall between the inner face and a bottom wall;
the bottom wall between the inner wall and an outer
wall;
the outer wall between the bottom wall and a lip, the
outer wall substantially parallel to the mnner wall; and
the lip between the outer wall and the outer face, the lip
protruding radially inward beyond at least a portion
of the outer wall; and
an annular elastomeric seal installed in the groove, the
seal, 1n an undeformed state, comprising:
a first surface which 1s convex, the first surface forming
a radially outermost portion of the seal;
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a second surface which 1s concave, the second surface
adjacent to the first surface and adjacent to a third
surface, the second surface positioned radially
inward of the first surface and radially outward of the
third surtace;

the third surface which 1s convex, the third surface
adjacent to the second surface and adjacent to a
fourth surface, the third surface forming a radially
innermost portion of the seal; and

the fourth surtace which 1s concave, the fourth surface
adjacent to the third surface and adjacent to the first
surface, the fourth surface positioned radially out-
ward of the third surface and radially inward of the
first surface.

2. The fluid connector of claim 1, wherein the groove
conforms to the dimensional requirements of a standard
half-dovetail groove in SAE J1453-1.

3. The fluid connector of claim 1, wherein a cross-section
of the undeformed seal 1s substantially symmetric about an
axis bisecting the first surface and the third surface.

4. The fluud connector of claim 3, wherein, for the
cross-section of the undeformed seal, an average radius of
cach of the second surface and the fourth surface 1s between
80% and 120% of an average radius of the first surface, and
an average radius of the third surface 1s greater than 120%
of the average radius of the first surface.

5. The flmd connector of claim 3, wherein, for the
cross-section of the undeformed seal, a radius of each of the
second surface and the fourth surface 1s between 80% and
120% of a radius of the first surface, and a radius of the third
surface 1s at least double the radius of the first surface.

6. The fluid connector of claim 3, wherein, for the
cross-section of the undeformed seal, the first surface, the
second surface, and the fourth surface are each circular arcs
having a first radius.

7. The fluid connector of claim 6, wherein the third
surface comprises:

a first portion which 1s convex, the first portion between

the second surface and a second portion;

a second portion which convex, the second portion

between the first portion and a third portion; and

a third portion which 1s convex, the third portion between

the second portion and the fourth surface;

wherein, for the cross-section of the seal, a radius of the

first portion 1s equal to a radius of the third portion, and

a radius of the second portion 1s greater than the radius

of the first portion.

8. The fluid connector of claim 3, wherein the outer
diameter of the seal 1s greater than an mner diameter of the
lip.

9. The fluid connector of claim 8, wherein contact
between the seal and the lip deforms the first surface
downward relative to the axis when the seal 1s installed 1n
the groove.

10. The fluid connector of claim 9, wherein the lip retains
the seal 1n the groove when the seal 1s 1nstalled 1n the groove.

11. The fluid connector of claim 9, wherein the outer
diameter of the seal 1s substantially the same as a diameter
ol the outer wall.

12. The fluid connector of claim 9, wherein the inner
diameter of the seal 1s greater than a diameter of the mner
wall.

13. The fluid connector of claim 12, wherein no portion of
the seal makes contact with the inner wall when the seal 1s
installed 1n the groove.

14. The fluid connector of claim 1, wherein the fluid
connector 1s mncluded i a flmd joint, the fluid joint also
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comprises a mating fluid connector, the mating fluid con-
nector comprises an opposing face facing at least one of the
inner face and the outer face when the fluid joint 1s 1n a
fastened position, and the seal 1s compressed between the
bottom wall and the opposing face when the fluid joint 1s 1n
the fastened position.
15. The fluid connector of claim 1, wherein, when the seal
1s 1nstalled in the groove, a portion of the fourth surface
contacts the bottom wall and forms a space between the
fourth surface and the bottom wall.
16. A fluid joint comprising:
a first fluid connector comprising:
a first face;
an annular groove, the groove defined by an 1nner wall
perpendicular to the first face, a bottom wall parallel
to and below the first face, an outer wall parallel to
and radially outward of the mner wall, and a lip
positioned at the top of the outer wall and projecting
radially inward from the outer wall; and
an annular elastomeric seal comprising, 1 an unde-
formed state, an inner convex surface forming the
radially innermost portion of the seal, an outer con-
veXx surface forming the radially outermost portion of
the seal, a first concave surface interconnecting the
inner convex surface and the outer convex surface
and positioned on a {irst side of the seal, and a second
concave surface interconnecting the inner convex
surface and the outer convex surface and positioned
on a second side of the seal opposite the first side, the
seal being symmetrical about a plane bisecting the
inner convex surface and the outer convex surface
and defining the first side and the second side of the
seal; and
a second flud connector comprising a second face;
wherein the seal 1s installed 1n the groove with the lip
retaining the outer convex surface in the groove, the
seal 1s compressed by contact between 1ts first side and
the bottom wall and contact between its second side
and the second face when the fluid joint 1s 1n a fastened
position, the first flud connector fastened to the second
fluid connector via threads when the fluid joint 1s 1n the
fastened position.
17. The fluid joint of claim 16, wherein a cross-section of
the outer convex surface forms a circular arc with a first
radius, a cross-section of the first concave surface forms a
circular arc with a second radius, and a cross-section of the
second concave surface forms a circular arc with a third
radius, and the second radius and third radius are each
between 80% and 120% of the first radius.
18. A method of fastening a fluid joint, the method
comprising;
positioning a first face of a first fluid connector opposite
a second face of a second fluid connector;

moving the first face and the second face toward each
other until a threaded surface on first fluid connector
can engage a threaded surface on the second fluid
connector;

tastening the threaded surface on the first fluid connector

to the threaded surface on the second tluid connector at
least until the second face makes contact with a seal,
the seal installed 1n a groove of the first fluid connector,
the groove defined by an mner wall extending between
the first face and a bottom wall parallel with the first
face, an outer wall substantially parallel with the inner
wall and extending from the bottom wall to a lip, and
a lip positioned at the opposite end of the outer wall as
the bottom wall; and
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continuing to fasten the threaded surface until the seal 1s
compressed between the second face and the bottom
wall, the seal comprising, in an undeformed state, an
outer convex surtace defining an outer diameter of the
seal greater than an mner diameter of the lip, an 1nner 5
convex surface defining an mner diameter of the seal,
a lirst concave surface adjacent to the inner convex
surface and adjacent to the outer convex surface on a
first side of the seal, and a second concave surface
adjacent to the inner convex surface and adjacent to the 10
outer convex surface on a second side of the seal
opposite the first side.

19. The method of claim 18, further comprising installing
the seal 1n the groove by placing the undeformed seal above
the groove and exerting a downward force on the seal to 15
deform the seal and move 1t downward until the outer
convex surface 1s below the lip and deformed by the lip so
as to retain the seal in the groove.

20. The method of claim 19, further comprising exerting,

a downward force on the seal until the entirety of the outer 20
convex surface 1s below the lip.
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